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Abstract 

A stat is t ical  study has been M& of some of the non-random aspeats of  

In the in t e rva l  of the dmquency of aaetearlte f a n  as a fanation of t ime.  

1 - 1000 days, non-random asselablages have been found a t  periods othur than 

one day and one year, together with integer  multiples t b r e o f .  Although it 

is possible that soare of the assumed periods are +ealU i n  t h e  sense that they 

have physical significance, the statistics make this appear unlikely. 

The least random assemblage i n  t h e  neighborhood of  one-year does not occur 

a t  exac t ly  one gear (365.24 days). 

non-random assemblages, the first a t  about 364.46 days and the second at  366.1 

days. 

masons f o r  this curious behavior are unknown. 

Instead there appear t o  be two par t icu lar ly  

The la t te r  appears t o  be linked with the high-iron chondrites. The 

H i s t o g r a m s  showing the number of falls which have been observed during spc i f i c  

times of the year, dividing the year i n t o  20 equal parts, indicate  a maximum i n  

late January due to low-iron chondrites, one i n  mid-May due t o  high i ron  chondrites 

and one i n  late August and early September resu l t ing  from low-iron chondrites. The 

relative frequencies of the groups appear t o  change with time. 

Indications of %lusteringW of meteorites i n  o r b i t  have been obtained by plot- 

t i n g  the time of fa l l  during a year against the ti= of fall i n  a period consisting 

of an in teger  number of years. 

chondrites as well as i n  the veined-hypersthene chondrites on a fire=year period. 

Marked cluster ing is noticeable i n  the  high-iron 

A s  an example of a cu l tu ra l  e f f ec t  upon the observed rate of meteorite fall ,  

it has been found t h a t  i n  Western Europe and i n  North America, which are predomi- 

nantly Christian regions, observed daytime falls on Sundays are about 30$ lowr 

than average and nearly 40$ lower than t he  average excluding Sundays. Although 

this difference is appreciable, it i s  surpr is ingly small. 

The accumulated evidence strongly suggests that the  non-randomness of the 

observed rate of f a l l  of meteorites as a function of time of year is due primarily 

to astronomical fac tors  r a the r  than to  c u l t u r a l  ones. 



1. Introduction 

It has long been recognizedthat with respeat t o  two tins-periods, 

F i r s t ,  with respect to observed rates of meteorite f a l l  a m  non-random. 

the local t i m e  of fa l l ,  them is a F o n o u n d  diurnal effect. 

are obsemed to fa l l  most frequently betmen Ish and 16h local  t h e  and 

least frequently during the first three hours of t he  day. 

i s  a pronounced seasonal variation i n  the observed rate of fa l l ,  With the 

frequeney being greatest i n  May and June and least i n  February and March. 

These facts hare been reriewd by KRIaOV (1960) and by HASOIS (1962). 

Metoor ibs 

Second, there 

It is clear that at  least a part of these observed variations r e su l t  

from soc ia l  effects. 

a t  night. More work is done outdoors during the summer than during the 

winter. It is possible, however, that some of these variations may have 

physical causes. 

Farmers work i n  the fields during the aa;r and sleep 

MILLARD and BROWN (19631, who exanined the yearly and nonthly t inte  

of f a l l  patterns f o r  departures f r o m  randomness, have pointed out t h a t  

t h e  histogram of falls per decade as a function of time contains at  least 

three peaks together with a sharp decrease i n  the  observed r a t e  of f a l l  

after 1940 which they believe reflects an actual  decrease i n  the rate of 

influx of meteorites. 

the  veined-olivine-hypersthene chondrites was shown t o  depart subs tan t ia l ly  

from randomness. 

In addi t ion,  the observed monthly fa l l  pattern f o r  
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This investigation represents an attempt to explore these non-random 

aspects of the frequency of meteorite falls in greater detail than has thus 

far been attempted. 

non-random rates of fall for discrete periods other than the obvious ones 

Being that it is also possible that there might be 

of one day and one year, the investigation has been extended to survey the 

degree of non-randmess of the frequency of meteorite falls with respect 

to a number of arbitrary time-periods. 

11. Procedure 
~ ~ ~~ 

The following procedure was used in the analysis: 

1. A list of 526 well authenticated meteorite falls was compiled. 

The sources used were mainly the Catalogue of Meteorites Qr PFUOR arid 

HEY (1953), Principles of Meteoritics by XRINDV (1960) and RR1IN"S 

Meteoritical Bulletin (1957- ). 

Some of the data concerning Japanese meteorite falls were amended and 

corrected on the basis of infomat ion provided by Dr. Sadao Murayaa (1962) 

of the National Science Museum in Tokyo. 

The local time of fall of all the meteorites included in this list 

was known with-an accuracy of at least 2 30 min. (20.021 dayh 

2. A l l  the dates of falls were reduced to Greenwich Mean Time and 
+ expressed as Julian Days* (accuracy -0.02 days). 

3. A coded IBM card was punched for each meteorite. Each card con- 

tained the following information: 

month, day and hour of fall (local time) and the corresponding Julian Day + 

fraction G.M.T. 

assigned code number of meteorite, year, 

U 
The dates are indicated by the total nwber of days which have elapsed since 
January 1, 4713 B.C., 0 hour being noon rather than midnight. 
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4. 

to periods 

The randomess 

from 1 t o  lGOO 

form this tast a ccciputer 

of dis t r ibut ion of the dates  of f a l l  w i t h  respect 

days was tested by applying the X 2  test ,  To per- 

program was set up, according to h i c h  each Julian 

Dzy numbr ,  representing the date of fS.1, was divided by the number represent- 

ing the period being tested. The answer included three s igni f icant  figures to 

the  r igh t  of the deciaal point. The in t eg ra l  part of this result was then 

disccded and only the deck& fract ion was used f o r  the 

a physical sense such a f rac t ion  represents the t i m e  of f a l l  of a par t icu lar  

meteorite expressed as a f ract ion of a par t icu lar  assumed period - e.g., if 

t h e  Julian Day of a fall i s  2,343,792.20 and the period being tested is 500 days, 

then 2. 

other  mrds ,  this msteorite fe l l  on the  293rd day of the 5GO-day period, which 

computation. In 
* %  

743,792.20 
= 4687.5844 (or 4687 with a remainder of 292.20 days) ,  In 

500 

corresponds t o  0.5844 of the  period, 

All the f rac t ions  obtained i n  the above step were then grouped i n t o  

20 cells: 0.000 - 0,04gg, 0,050 - 0.0999, 0.100 - 0.1499 etc, 

The number of meteorites i n  each group was counted and y2 f o r  t h e  dis- 

t r i bu t ion  was calculated according t o  the formula 
k 

- 
i = l  ei .4 

t h  where k is the  number of cells, oi - the  number of data i n  the  i- cell, 

ei 

number of falls used i n  the  calculation, 

n 
is  the average number of data per cell  ( ei = T; 1, and n represents the 

value thus T The corresponding probabili ty of  randomness f o r  each 

obtained was then calculated. 

For comparison, a series o f  526 random numbers was generated by the  

method described by Joe l  N. Franklin (1962), and the  iden t i ca l  operations 

were performed with these numbers. 



III. Comparison of Meteorite F a l l s  with Random Numbers 

* is shown i n  Figures 1 - 5 €or assumed periods of in teger  numbers :< 
ranging from 1 t o  1000 days. 

As was expected the  for  365 days i s  high. 

* f o r  1 day ( in  terms of GKT rather thv l  local tirue) is also high. 

Somewhat surpr is ingly 

the  

This latter non-random dis t r ibut ion apparently r e s u l t s  f r o m  the combination 

of diurnal  effect, with respect to  l o c a l  time, with highly localized GO- 

graphic concentrations of observed falls. 

Xes te rn  Europe, with North America and India  contributing emaller but never- 

the less  substant ia l  numbers, 

represented. 

Most falls have been observed i n  

The intermediate longitcdes are sparsely 

Table I gives a summary of the  number of assumed p r i o d s ( o r  divisors) 

which give rise t o  d is t r ibu t ions  which possess less than or greater than a 

given probabi l i ty  of randomness. It can be seen t h a t  the pat tern of observed 

f a l l  of meteorites is indeed considerably less random than that of  the random 

numbers. Confining our discussion to those probabi l i t i es  of randomness which 

are less than 0.01, we see t h a t  the meteorites i n  the range of 1 - 1000 days 

give rise t o  22 highly non-random assemblages, while the random numbers give 

rise t o  but 14. 

The-integer periods which give rise to assemblages having probabi l i t ies  

of  randomness which are less than 0.01 are listed i n  Table 11. 

It i s  well-known that i f  an assemblage is non-random i n  r e l a t ion  t o  a 

specific period, it will probably be non-random with respect t o  i n t e g e r  

multiples o r  divisors  of that period, with the effect lessening as the  multiples 

o r  d iv isors  become larger ,  

f o r  182 days (3 year) and f o r  731-732 days (2 y e a r s )  are also non-random. 

Similarly,  the d i s t r ibu t ion  fo r  a period of one day is highly non-random, as 

are the  d is t r ibu t ions  for 2,3,4,6 and 7 days. 

Cnoroughly damped by the end of 9 o r  10 days. 

Thus it is not surpr is ing t h a t  the assemblages 

This effect appears to be 



The peak at 119 days is very close to I/3 year. This leaves the  

following peaks which are not obviousl,~ re la ted  t o  that of one year: 

219, 273, 439, 527, 546, 650, 703 and 864 days. 

658 days may w e l l  be related t o  each other, as might those at 273 and 

3% 
Those at  219, 439 and 

546 days. 

When we subtract those peaks which can c lear ly  be related to the non- 

random effects at 1 day and 1 year from the  total nmber of assemblages 

having probabi l i t ies  of randomness less than 0.01, the t o t a l  number of such 

high peaks is reduced from 22 t o  12, a number comensurate with tha t  of the 

random numbers. 

which give rise t o  non-random assemblages are "real" in the sense that they 

have' physical significance, the statistics make t h i s  appear unlikely. 

Thus, although it is  possible t h a t  some of the periods 

N. More Detailed Study of Specific Periods 

The t h  interva l  i n  the neighborhood of one year was subjected to a 

more detailed analysis. x2*s were computed i n  this region f o r  each 0.1 day 

i n  order to observe the f ine structure. In  addition, the influence of cer- 

tain types of meteorites upon the degree of non-randomness was examined. 

Of the 526 meteorites i n  the assemblage, 80 -ere known w i t h  a high degree 

of confidence to be 'Irigh-iron" chondrites while an additional 1% were known 

Thus 214 chondrites appeared t o  be well-classi- 

An additional 169 meteorites were known confidently t o  be chondrites, 

to be "low-iron" chondrites. 

fied. 

giving a total of 383 known chondrites i n  the assemblage. The balance of the 

assemblage (143' meteorites) consisted of irons,  achondrites and unclassified 

stones. 

In  the region 350-380 days detai led x2 computations were made f o r  the 

following assemblages: 

i ron  plus low i ron chondrites (2141, d) low i rons (134) and e) high i rons (80). 

The results are plot ted i n  Figures 6-10. 

a) a l l  f a l l s  (526), b) all chondrites (3831, c) high 



The most surprising feature of F i g m  6 is t h a t  the l e a s t  random 

If isbad,  assemblage does not occur at exactly one year (365.24 days). 

tnere  appear to  be two peaks, the first at about 364.6 days and the second 

a t  366.1 days. 

i s  sh i f t ed  t o  3&.8 days while the  second reinains st 366.1 days. 

curves there  a r e  also indications of  a peak at about 367.4 days. 

8, 9 and 10 indicate t h a t  t h e  low i ron  chondrites contribute l i t t l e ,  if 

anything, t o  any of the peaks, while the  high i ron  chondrites contribute 

subs tan t ia l ly  t o  the peak a t  366.1 days. 

I n  the p lo t  f o r  all Ghondrites (Figure 7) the first peak 

I n  both 

F i p r 8 S  

The reasons f o r  t h i s  curious kehavior, par t icu lar ly  of the high i ron  

chondrites, are obscure. One i s  incl ined t o  disxriss the effect as a random 

f luctuat ion superimposed upon the already high degree of non-randomness associ- 

a ted  with a 365.24 day cycle. Nevertheless the magnitude of the f luc tua t ion  

and its consistency give reason t o  suspect t h a t  an important effect is present 

i n  the data. 

'1. Distribution of Xeteorite Falls Tfirouphout the Y e a r  

A histagran showing t h e  nurr-ber of falls which have Seen observed during 

spec i f ic  times of the year, dividing the year i n t o  20 equal ps r t s ,  is shown 

i n  Figure 11. 

shows the  rate of f a l l  ks a function of month. It can be seen t h a t  the divis ion 

of the year i n t o  a nunber of units considerably greater than 12 brings out  de- 

t a i l  which is  not apparent i n  t h e  conventional seasonal plot. The probabi l i ty  

of randomness of t h i s  dis t r ibut ion i s  less than 0.003. 

Also shown i n  this f igure is  the conventional histogram which 

Corresponding histograms fo r  chondrites alone and f o r  the low i ron  and 

high i ron  chondrites are  shown i n  Figure 12. 

ma and m i L i m a  suggest t h a t  the non-randomness resu l t s ,a t  least i n  p&, from 

pfiysical factors ,  as d i s t i n c t  from cu l tu ra l  and climatic ones. 

i n  the neighborhood of 0.1 

The persistence of certain maxi- 

The peak 

( la te  January) appears t o  be the  result of a 
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substantial contribution of lw iron chondrites. The maximum betueen 

0.35 and O.&O (mid-Xay) appears to result from a contribution of high iron 

chondrites, uhile that betueen 0.65 and 0.70 (late August and early September) 

appears to result largely from a contribution of lou iron chondrites. 

In order to investigate changes in fall patterns as a fundion of time, 

the falls uere listed in chronological order and divided into three groups 

containing equal numbers of meteorites: 

b) January 1869 - February 1918, c) February 1918 - August 1961. 
frequency of fall as a function of time of year was plotted for each group, 

with results shown in Figure 13. 

minima appear to persist for two or more of the time intervals, fortifying 

a) December 1 7 a  - January 1869, 
The 

It can be seen that certain maxima and 

the vieu that there are preferential times of fall and that these can change 

with time. 

VI. Periods of Integer Mumbers of Years 

The existence of preferential times of fall during the year uould 

indicate that the Earth's orbit cuts the orbits of discrete meteorite 

streams at specific locations. 

spread out, at one extreme, over the entire orbit. 

matter could be concentrated into a clump in which the individual fragments 

would have approximately the same period and uould follow nearly the same 

orbit. 

probable as in any other until the sweeping effects and perturbation would 

result in a cessation of falls from that particular g-roup. In the latter 

(clumping) case, by contrast, falls would take place at times separated by 

discrete integer numbers of years, the exact number depending upon the 

ratio of the period of the meteorite clump to that of the Earth. 

Within a given stream matter could be 

A t  the other extreme 

In the former case the fall in any one year would be about as 



2 figure 14 shows and the probabili ty of randommss for  the COR- 

p l e b  assemblage of meteorite falls as a fmc t ion  of assumed periods d 

integer  numbers of years up t o  20 years. figures 15 and 16 show the p b a -  

bilities broken down by chondritic type. 

strong oddeven relationship,  with probabi l i t ies  of randomnsss of the  adsem- 

blages being generally less i n  the odd year* in te rva ls  than i n  the e m  oms. 

It is possible to  obtain indications of %lumpingw by plot t ing the time 

of fall doring a year against t h e  thj of fa l l  i n  a period consisting of an 

integer  number of years. When this is done, the  five year period stands out 

It can be seen that there is a 

as giving rise t o  a part icular ly  non-random dis t r ibut ion,  although other 

integer-year periods show indications of non-randomess as well. 

Figure 17 shows the t-s of fall within a one-year m o d  plotted against 

The points lie on five parallel 
* 

the times of fall within a five-par period. 

lines, but statistical tests indicate strongly a l a c k  of randomess. 

clumping appears t o  exist. 

Pronounced 

Figure 18 is a similar plot but l imited t o  the high-iron chondrites. I n  

certain regions clumping appears to be marked. 

shown i n  Figure 19 indicates less marked clustering, b u t  it is nevertheless 

The plot for low i ron  chondrites 

suggestive. 

themselves (see Figure 2 0 ) ,  non-randomness is par t icu lar ly  laarked. 

the group of f d l s  lying &tween 0.47 and 0.64 on the one-year period and between 

0.09 and 0.13 on the five-year period. This represents a series of six falls 

betwetn l8b3 and 1903 at intervals  which are almost exactly multiples of five 

When the veined hypersthene (low-iron) chondrites are plot ted by 

O f  note is 

years, a l l  of t h e m  betmen late June and early August and a l l  of them nearly 

ident ica l  chemically. 

Clearly a detailed search f o r  possible clusters i n  other combinations of 

periods is ilrdicated. 

The scale of the  one year d s  f o r  figures 17, 18, 19 and 20 differs from that 
In in earlier figures. In figures 11, 12 and 13, January l i s  &noted @ 0.0. 

figures 17, 18, 19 and 20, Jmuary 1 is denoted @ 0.15. 
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V I L  Cultural Effects  

It h,as ganerally been assumed t h a t  the cu l tura l  inf lueme upon the 

lbck of randomness of the frequency of observed f a l l  as a function of time 

of year is ir large one. The r e su l t s  i n  this paper suggest r a the r  strongly 

that physical considerations are even more important. 

hie can obtain some idea of the irnportance of cu l tura l  effects upon 

the observed rates of meteorite fall by examining the number of daytime falls 

i n  North America and i n  Europe west of the  U r a l  Xountains as a function of 

the day of the week. 

show fewer observed falls on Sundays f o r  t!x reason t h a t  Zarmers generally 

will not have been working i n  t he  fields, 

These areas being predominantly Christian ones should 

The re su l t s  tabulated i n  Table I11 indicate t h i s  t o  be correct,  Observed 

daytine falls on Sundays are 315 lower than average and 3% lower than the 

average excluding Sunday, 

Thus, although a pronounced c d t u r a l  effect i s  apparent, considering 

the grea t  difference i n  the behavior of rural people on Sundays (and t o  a l e s se r  

extent  ofi Saturdays) compared with a ther  days of the week, the  differences are 

surpr is ingly small. One would not expect seasonal e f f ec t s  t o  be zs great as 

t h i s  on a purely cu l tu ra l  basis, yet  the observed f luctuat ions shown i n  Figures 

11 - 13  how f luctuat ions a s  a function of time of year which are considerably 

grea te r  t i i a  4O$. 

Agsin, the evidence strongly suggests that the non-randomness of the 

observed rate of  f a l l  of meteorites as a function of time of year is due pr i -  

marily t o  astronomical fac tors  ra ther  than t o  cu l tu ra l  ones. 

probaSly present and are probably measurable but the primary influences appear 

t o  be physical ones. 

The latter are 



TABLE I 

The Probability of Randomness of Meteorite Falls 
Compared w i t h  Random Numbers 

D Assumed Periods lumber 

1 - 200 
201 - 400 
401 - 600 
601 - 8W 
801 -lo00 

1 - 200 
201 - hog 
401 - 600 
601 - 800 
801 -1000 

1 - 200 
201 - LOO 
&Ol - 600 
601 - 800 
801 -1000 

3 
6 
1 
3 
1 
1L 
11 
9 
9 
7 
5 
11 
99 
99 
85 

1 ob 
93 m 

> 0.50 1 - 200 101 
201 - boo 101 
401 - 60O 115 
601 - 800 96 
801 -1OOO 107 

520 

526 " E O R I T E  FALLS 

p Assumed Periods Number 

1 - 200 
201 - 400 
LO1 - 600 
601 - 800 
801 -1000 

1 - 200 
201 - h00 
LO1 - 600 
601 - 800 
801 -1000 

1 - 200 
201 - 400 
401 - 600 
601 - 800 
801 -1000 

9 
4 
3 
5 
1 
22 

21 
19 
8 

11 
lh 
13 
114 
108 
91 
99 
102 
3.1T; 

- 

-. . . __ . ... . . ___. . . -. 
x . 5 0  1 - 200 86 

201 - 400 92 
to1 - 600 109 
601 - 800 101 
801 -1000 9 s  

Ggz; 



TABLE I1 

Integer Periods Giving Rise to Assemblages Which Have 

Probabilities of Randomness 4 0.01 

Probable Cause Assumed Period Cause Assumed Period - 
1 1 day 

2 2 x 1 day 

3 3 x 1 day 1139 2 x 219 days? 

4 11 x 1 day 527 ? 

6 6 x 1 day 546 2 x 273 days? 

7 7 x 1 day 

34 ? 
3 x 219 days? 

119 113 x 1 year? 703 ? 

2 x 1 year 
182 112 x 1 year 

2 19 ? 

273 ? a6b 
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TABLE 111 

Observed Falls Occurring Between 6tO0 A.Y. and 8:OO P.X. 

As a Function of the Day of the Week 

NWBEB OF ORSERVED FALLS 

Europe West 
Total - Day of Urals North America 

Monday 22 5 27 

Tuesday 29 12 Irl 

Wednesday . 22 l l l  36 

Thursday 21 8 29 

Friday 32 21 &3 

Saturday 20 6 26 

16 
162 
- Sunday 
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with Respect t o  One-Year Period, Versus T h e i r  Distribution 
with Respect t o  Five-Year Period 
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